Purpose The study objectives are to examine prevalence of current smoking, and to assess the association of both health insurance (HI) and access to care with smoking cessation among cancer survivors. Methods We performed an analysis from a cross-sectional study of cancer survivors aged 18-64 years using nationally representative data from the 2009 Behavioral Risk Factor Surveillance System survey. We assessed the prevalence of current smoking among cancer survivors. Also, in a subset excluding never smokers, we assessed cessation status of cancer survivors operationalized as comparing current to former smokers.
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Introduction
Over the past 50 years, since the landmark US Surgeon General's report on BSmoking and Health^ [2] , tremendous progress has been achieved in smoking prevention and cessation, resulting in lower rates of smoking-related cancers, fewer premature deaths, and better lives for millions in the USA and around the world [2] [3] [4] [5] [6] . The prevalence of people identifying themselves as current smokers in the USA has more than halved [3, 7] , and yet, smoking still remains an important public health problem. According to the Centers for Disease Control and Prevention (CDC), 18.1 % of the US adults were current smokers in 2012 [8] . Cigarette smoking is still the leading cause of preventable morbidity and mortality [9, 10] and is disproportionately prevalent among young, poor, and uninsured US adults [3, 11, 12] .
There is growing interest in lifestyle choices and risk behaviors of cancer survivors. Advances in cancer screening and treatment over the past few decades have markedly increased the number of patients surviving cancer. Currently, there are 14 million cancer survivors in the USA, a number that is projected to reach 18 million by 2022 [13] . The Surgeon General's 2014 report was notable in that [14] , for the first time, it addressed adverse health consequences of continued smoking in cancer patients and survivors. During treatment and cancer survivorship, cigarette smoking is associated with increased risk of all-cause and cancer-related mortality, second primary cancers, treatment-related complications and toxicities, and cardiovascular and respiratory problems, and poor quality of life [15] [16] [17] [18] [19] [20] [21] [22] [23] . Accordingly, the report called for the use of evidence-based smoking cessation strategies and emphasized the need for assessment of tobacco use in the highrisk population of cancer survivors [14] .
While smoking rates are comparable among older adults with and without a history of cancer, the prevalence of current smoking stays at alarmingly high levels for young cancer survivors [24, 25] . In adults 18-44 years of age, almost two fifths (38.1 %) of cancer survivors are current smokers compared to 24.0 % in the general population [24] . Overall, continued smoking is associated with almost 3-fold excess risk of mortality, which could be avoided with appropriate cessation practices [26, 27] . However, health gains from smoking cessation are dependent upon age at quitting. For adults who successfully quit before age 44, the excess risk of death from smoking is <20 %, whereas this could be as high as 70 % for adults quitting between ages 44 and 64 years [26] . Unfortunately, many cancer survivors, predominantly the young, do not have any or adequate health care coverage [28] [29] [30] , and consequently may not receive evidence-based smoking prevention and cessation care tailored to their needs.
Hopefully, with the Patient Protection and Affordable Care Act (ACA), many previously uninsured or underinsured nonelderly cancer survivors will gain access to health insurance and care, and benefit from the ACA's portfolio of mandates for prevention programs including improved access to smoking cessation services both in private and in public insurance coverage systems [31] [32] [33] . For targeted and effective smoking cessation interventions to be developed, it will be important to understand the patterns of current smoking by health insurance status and to assess the role of health care access in promoting smoking cessation among cancer survivors especially in those who could potentially benefit the most from smoking cessation, young adults with a history of cancer. To inform policy and practice, the objectives of the study are to report the prevalence of current cigarette smoking and to examine the association of both (1) health insurance and (2) access to care with smoking cessation among young and middle age cancer survivors.
Methods

Data source
We performed a cross-sectional study using data from the 2009 Behavioral Risk Factor Surveillance System (BRFSS) survey. The BRFSS is the largest random-digit telephone health survey in the world and is administered annually to more than 350,000 adults living in the 50 states of the USA, and in the District of Columbia, American Samoa, Palau, Puerto Rico, the US Virgin Islands, and Guam [34] . The BRFSS questionnaire collects data from survey participants on sociodemographic characteristics, health behaviors, preventive health practices, and health care access [35] . The BRFSS data files contain sample weights that can be used so that the analyses are representative of the US population [36] . The study was reviewed and approved by the University of Maryland Institutional Review Board (IRB).
Study population
Our study population included cancer survivors aged 18 to 64 years. Cancer survivors were identified as respondents who answered Byes^to the question BHave you ever been told by a doctor, nurse, or other health professional that you had cancer?^Using the American Cancer Society's definition of cancer survivors [37] , our study population did not include subjects with nonmelanoma skin cancers. Subjects who responded BOther skin cancer^(nonmelanoma skin cancer) to the question, BWith your most recent diagnosis of cancer, what type of cancer was it?^, were excluded from our analyses. Nonmelanoma skin cancers, which are most often basal cell or squamous cell skin cancers, almost never metastasize, are treated differently than melanoma skin cancers, and are not included in state cancer counts.
Smoking status
Smoking status was categorized according to the subject's responses to two questions. Participants who responded Bnot o the question, BHave you smoked at least 100 cigarettes in your entire life?^, were classified as never smokers. Those who responded Byes^were asked BDo you now smoke cigarettes every day, some days, or not at all?^Participants who responded Bevery day or some days^were categorized as current smokers; those who responded Bnot at all^were categorized as former smokers.
Health insurance and access to care
Our primary independent variable, health insurance status, was classified as insured vs. noninsured according to the response to the question, BDo you have any kind of health care coverage, including health insurance, prepaid plans such as HMOs, or government plans such as Medicare?^.
Three additional questions were used to ascertain the access to routine health care. These questions asked respondents (1) BDo you have at least one person you think of as your personal doctor or health care provider?^, (2) BWas there a time in the last year you needed to see a doctor but could not because of cost?^, and (3) BAbout how long has it been since you last visited a doctor for a routine checkup?^.
Sociodemographic characteristics and cancer type
Demographic data used in the analyses included age group (18-44, 45-64 years), sex, race/ethnicity (white, African American, Hispanic, other), education status (<high school, high school, >high school), employment status (employed, out of work, other [retired, unable to work, student, homemaker]), household income (<$25 k, $25-50 k, >$50 k), and US census region (Northeast, Midwest, West, South, other [Puerto Rico, the US Virgin Islands, and Guam]). Type of cancer was determined by the survivors' response to a question asking them the type of cancer with which they were most recently diagnosed.
Statistical methods
Cancer survivors with missing information for smoking status, health insurance status, or age were excluded from the study sample. Dummy variables were created for the other variables that had missing information and were included in the regression analyses. Estimates for these dummy variables are not reported as they are not meaningfully interpretable.
Differences in sociodemographic characteristics of the cancer survivors by health insurance status were assessed using weighted chi-squared analyses. We used weighted multivariable Poisson regression with a robust error variance [38] , adjusted for sociodemographic characteristics, to determine the prevalence of being a current smoker within age-and health insurance-specific groups.
Among the three smoking groups that we studied (never, former, and current smokers), only two of the groups, former and current smokers, had the opportunity to try to quit their smoking habit. In order to assess smoking cessation status of cancer survivors, we calculated the odds of being a current smoker vs. former smoker in the subset of cancer survivors that excluded never smokers. We used weighted multivariable logistic regression, adjusted for sociodemographic characteristics, to determine the effect of having health insurance on smoking cessation. Furthermore, among subjects with health insurance from this subset, we used weighted logistic regression to explore the association between other health care access variables and smoking cessation. SAS version 9.3 (SAS Institute, Inc., Cary, NC) was used for all analyses in this study.
Results
Sociodemographic characteristics of cancer survivors
Of 432,607 respondents in the 2009 BRFSS database, 24,485 were identified as cancer survivors who were 18-64 years of age. Nonmelanoma skin cancer survivors (N=5515) and participants with missing data for their smoking or health insurance status were excluded yielding a sample of 18,896 cancer survivors.
Among the study population, 11.0 % of the cancer survivors did not have any health care coverage (Table 1) . Consistent with the national estimates for cancer survivors [37] , the study sample was predominantly 45-64 years of age (72.4 %), female (65.4 %), and white (76.5 %). More than half of the subjects were high school graduates (55.0 %), and a similar proportion were employed (56.3 %). Almost half of the cancer survivors had an annual income of $50,000 or more. Cancers in female or male reproductive organs, breast cancer, and melanoma were the most common cancers reported.
Compared to cancer survivors with health insurance, cancer survivors with no health insurance represented a greater proportion of young subjects, 18-44 years old (42.4 vs. 25.6 %), nonwhites (34.7 vs. 22.0 %), and residents of Southern states (46.6 vs. 34.5 %). Having less than high school education (18.1 vs. 6.7 %), being out of work (24.7 vs. 7.2 %), and having annual household income less than $25,000 (53.2 vs. 18.5 %) were more common among cancer survivors with no health insurance than those with insurance.
Prevalence of current smoking
Although the prevalence of current smoking among cancer survivors with health insurance (19.5 %, Table 1 ) was similar to that seen in the entire US adult population in 2009 (20.6 %) [39] , the prevalence in cancer survivors without insurance, 40.9 %, was twice that seen in the US population. The adjusted prevalence of current smoking was higher in cancer survivors without health insurance than those with health insurance in both of the two age-groups we studied (Fig. 1) . Cancer survivors who were female (48.3 %), out of work (53.6 %), and residents of Midwestern (45.5 %) or Southern (49.1 %) states had greater proportion of current smokers compared with their counterparts. Being a current smoker was comparable across racial/ethnic groups. Cancer survivors without a high school diploma or with an annual household income<$25,000 had the highest level of current smoking (>60.0 %).
After adjusting for the sociodemographic differences, not having health insurance was strongly associated with being a current smoker, in both age groups. Among young adults, cancer survivors with no health insurance had 2-fold greater adjusted odds of being a current smoker (vs. being a former smoker) compared to those with health insurance. Adjusted odds ratio (AOR) of being a current smoker (vs. being a former smoker) was also significantly greater among female cancer survivors (AOR=1.4) and among cancer survivors who were residents of Southern or Midwestern states (AOR=1.3) when compared with their counterparts. Cancer survivors with annual household income less than $25,000 had >2-fold greater adjusted odds of being a current smoker (vs. being a former smoker).
Health care access and smoking cessation among the insured
In a subset of cancer survivors with health insurance who were either current or former smokers, health care access-related problems were commonly reported: 6.7 % did not have a regular health care provider, 15.2 % reported there was a time in the past year they could not see a provider due to cost, and more than 20 % had their last routine checkup ≥1 year ago (data not shown).
Despite having health insurance, about half of the cancer survivors who had a health care access-related problem reported not quitting smoking (Table 3) . Cancer survivors who did not have regular a health care provider or could not see doctor due to cost had 1.8-fold greater adjusted odds of being a current smoker (vs. being a former smoker) compared with cancer survivors who did not experience such access-related problems. Among the insured, cancer survivors who had their last routine checkup ≥1 year ago was associated with increased current smoking (AOR=1.6) compared with cancer survivors who potentially had more frequent routine checkups.
Discussion
The recent US Surgeon General's report [14] and the American Association for Cancer Research policy statement [21] have drawn attention to the need for assessment of Fig. 1 Age group specific prevalence of current smoking among cancer survivors by health insurance status, 2009, N= 18,896. PR prevalence ratio (weighted), APR adjusted prevalence ratio (weighted)-adjusted for age group, insurance status, an interaction term between age group and insurance status, sex, race/ethnicity, education, employment, household income, US region tobacco use and cessation efforts among cancer survivors. Current smoking is a serious public health problem and is disproportionality prevalent among young adults with a history of cancer [24, 29, 30, 40, 41] . However, public health Never smokers (N=8725) were excluded OR odds ratio of being a current smoker (vs. being a former smoker), AOR adjusted odds ratio of being a current smoker (vs. being a former smoker)-adjusted for age group, insurance status, an interaction term between age group and insurance status, sex, race/ethnicity, education, employment, household income, US region, CI confidence interval a Weighted percentages were estimated by using sample weights so that the findings are representative of the US population b Other (race/ethnicity) includes participants of non-Hispanic other race only, non-Hispanic multiracial, or participants with unknown/missing information for race/ethnicity c Nine participants had missing information for education d Other (employment) includes participants who were retired, student, homemaker, unable to work, or had missing information for employment e Of participants, 9.4 % (N=952) had missing information for annual household income f Other (region) includes participants who were residents of Puerto Rico, the US Virgin Islands, or Guam, or had missing information for region of residence efforts have mostly focused on the general population. In our study, we characterized current smoking rates and examined the role of health insurance and access to routine health care on smoking cessation using a nationally representative sample of community-dwelling cancer survivors aged <65 years. We demonstrate a 2-fold greater prevalence of current smoking among cancer survivors with no health insurance compared to those with health insurance. In the absence of health insurance, almost half of cancer survivors aged 18-44 years were current smokers, pointing out to an urgent need in systematic public health efforts in smoking cessation tailored to young cancer survivors. To our knowledge, our paper is the first to examine the association between access to health care and smoking cessation in cancer survivors. Comparing current to former smokers in a subset excluding never smokers allows us to better characterize nonelderly cancer survivors with the greatest need for smoking cessation. Being uninsured was associated with more than 2-fold greater odds of not quitting smoking, and among the uninsured, more than three fourths of 18-44-year olds and more than half of 45-64-year olds did not quit smoking. Without access to evidence-based smoking cessation programs, these young cancer survivors are at heightened risk for developing second primary tumors, premature death, and excess morbidity. In addition, given the recent public health concerns over the expanded use, safety and effectiveness of over-the-counter smoking cessation products such as electronic cigarettes [42] [43] [44] [45] , there is a compelling need for evidence-based and cancer-patient-centered smoking cessation strategies.
Adults younger than 65 years of age constitute half of cancer survivors in the USA [40, 46] , many of whom are burdened by loss or lack of health insurance. The 2010 Patient Protection and ACA offers provisions that provide coverage to millions of uninsured or underinsured young Americans and provisions designed to improve access to smoking cessation programs. Private insurance plans are now required to provide smoking cessation services to their enrollees, and state Medicaid programs can no longer exclude medications approved for smoking cessation from their coverage [31] [32] [33] . In addition, there are financial incentives for Medicaid programs, in the form of bonus payments in their federal matching funds, to cover tobacco cessation services [31, 33] . Starting in 2016, mandated BEssential Health Benefits^will be evaluated and reconsidered for coverage based on available evidence of medical effectiveness [47] . Our results support continued and expanded coverage of smoking cessation for cancer survivors and for all other insured adults.
Although the ACA has increased health care coverage, it presents challenges with respect to acquiring health insurance particularly among those with the greatest need for smoking cessation. For one, uninsured smokers now face higher annual premiums in obtaining a health insurance [48] . While such financial penalties were intended to encourage smoking cessation, they may actually discourage uninsured adults who are current smokers from signing up for a health insurance, which may then subsequently halt their access to care and evidencebased smoking cessation services. Cancer survivors are particularly vulnerable to such policies. Compared to adults with no history of cancer, cancer survivors represent a greater proportion of adults with low education attainment and low annual household income [30, 40] . Cancer survivors are at increased risk for unemployment [29, 46] , and therefore at increased risk for losing their employer-sponsored health care coverage. Our study extends these associations by demonstrating that compared to those who had insurance, cancer The analytical sample only included the insured who were either former or current smokers (excluding never smokers) OR odds ratio of being a current smoker (vs. being a former smoker), AOR adjusted odds ratio of being a current smoker (vs. being a former smoker) by access to care-adjusted for age group, sex, race/ethnicity, education, employment, household income, US region a Weighted percentages were estimated by using sample weights so that the findings are representative of the US population survivors with no health insurance had lower educational attainment, lower household incomes, and higher unemployment rates. In our study, regardless of insurance status, these subgroups of cancer survivors had greater odds of not quitting smoking compared with their counterparts. Even with access to insurance, high out-of-pocket costs, in the form of deductibles, copay or coinsurance, that are built into the ACA coverage plans' benefit design, may impede continuity of care, decrease adherence to prescribed smoking cessation medications or decrease utilization of other services, such as cognitive behavioral therapy, particularly among adults of low socioeconomic status [33, 49] . Access to health insurance does not always translate into access to health care [50] . In a subset of cancer survivors who had health insurance, we show that those who did not have a personal doctor, or did not have a routine checkup within the last year, or could not see doctor due to cost had 60-80 % greater odds of not quitting smoking compared with cancer survivors who did not experience these health care access problems. As described in the Institute of Medicine (IOM) report [51] , many cancer patients are Blost in transition^from the acute cancer treatment phase to long-term survivorship. The ACA has ambitious goals for transforming traditional fee-for-service care into patient-centered medical homes where interdisciplinary team of health care providers are actively engaged in providing comprehensive medical care to patients. As stated in the IOM report, health care delivery models incorporating prevention, surveillance, intervention, and coordination of care need to be examined and designed specifically for cancer survivors [51, 52] . In a survey of American Society of Clinical Oncology members [53] , despite asking their patients about smoking status at the first visit, less than half of the physicians reported providing smoking cessation support. Continuous patient engagement and patient-centered strategies targeting cancer survivors are needed to achieve optimal results for quit rates [54] [55] [56] .
Similar to smoking rates in the general population [8] , nonelderly cancer survivors residing in the Southern or Midwestern states had the greatest rates of not quitting smoking compared with cancer survivors from other US regions. As of March 2014, 27 states including the District of Columbia are implementing Medicaid expansion in 2014 [57] . Among the remaining states that are either in an open debate or not moving forward with the implementation, almost all are located in Southern or Midwestern states. Of the 16 Southern states, only 5 are moving forward with the Medicaid expansion [57] , resulting in yet another barrier that cancer survivors have to surmount if they are to gain access to care and smoking cessation services. An important finding of our study was the significantly higher ratio of current to former smoker seen in female cancer survivors compared to male cancer survivors; whereas in the entire US adult population [39] , more men (23.5 %) are likely to be current smokers than women (17.9 %). Excessive smoking in women, particularly among young cancer survivors, has not been adequately addressed. The ACA provides new comprehensive preventive care coverage for women without cost-sharing requirements, including annual Bwell-woman^preventive care visits to determine what preventive services are needed [58] . Smoking cessation needs to be recognized as a crucial component of preventive care for cancer survivors and women in general.
Our study has several limitations. First, we did not use the most recent BRFSS data available as cancer survivorship questions were asked of the entire sample only in the 2009 questionnaire. Nevertheless, our data were collected within the past 5 years and provide nationally representative data for smoking rates among cancer survivors prior to the implementation of the ACA in 2010. In 2009, the BRFSS was exclusively a landline telephone survey, and hence, the findings may not be generalizable to cancer survivors who do not have a phone or have a cell phone but not a landline [59, 60] . In our study, we assessed cigarette smoking status and did not consider use of other tobacco products, which also are a growing public health problem. We also did not assess intensity of current smoking. Due to the fact that our data are self-reported, our findings might be subject to social-desirability bias on current smoking. This bias is unlikely to affect comparison of one group to another as we would expect the bias to be similar across comparison groups. Additionally, our crosssectional data cannot assess temporality of events. Whether cessation occurred prior or after having insurance cannot be determined. Nevertheless, our findings suggest that possession of health insurance is strongly associated with current smoking. Furthermore, we could not ascertain whether our study subjects were either in acute treatment phase or in long-term survivorship care. However, more than 85 % of the study sample reported having their initial cancer diagnosis >2 years ago at the time of survey (data not shown).
In conclusion, cancer survivors without health insurance had substantially greater current smoking rates compared with cancer survivors who had health insurance. Furthermore, among cancer survivors with health insurance, those who did not have access to routine health care had lower smoking cessation rates than those who did not experience health care access-related problems. Given tobacco smoking is still the leading cause of morbidity and mortality in the USA, expanded and improved coverage of evidence-based smoking cessation services is needed in particular for young cancer survivors who are most susceptible to current smoking. Sustained public health efforts are warranted to improve health care delivery to vulnerable and high-risk populations of nonelderly cancer survivors.
